Background: Cardiopulmonary exercise testing (CPET) is used as a preoperative risk-stratification tool for patients undergoing non-cardiopulmonary intra-abdominal surgery. Previous studies indicate that CPET may be beneficial, but research is needed to quantify CPET values protective against poor postoperative outcome [mortality, morbidity, and length of stay (LOS)]. Methods: This systematic review aimed to assess the ability of CPET to predict postoperative outcome. The following databases were searched: PubMed, EMBASE, PEDro, The Cochrane Library, Cinahl, and AMED. Thirty-seven full-text articles were included. Data extraction included the following: author, patient characteristics, setting, surgery type, postoperative outcome measure, and CPET outcomes. Results: Surgeries reviewed were hepatic transplant and resection (n=7), abdominal aortic aneurysm (AAA) repair (n=5), colorectal (n=6), pancreatic (n=4), renal transplant (n=2), upper gastrointestinal (n=4), bariatric (n=2), and general intraabdominal surgery (n=12). Cardiopulmonary exercise testing-derived cut-points, peak oxygen consumption ( _ VO 2 peak), and anaerobic threshold (AT) predicted the following postoperative outcomes: 90 day-3 yr survival (AT 9-11 ml kg −1 min −1 ) and
with significant complaints of exercise intolerance and dyspnoea 1 and determining the severity impairment related to heart failure and chronic obstructive pulmonary disease. 2 Cardiopulmonary exercise testing is used as a preoperative riskstratification tool to predict postoperative mortality, length of stay (LOS), and morbidity; however, its role requires validation. Numerous studies have reported that CPET is a valid prognostic measure of postoperative outcome in cardiopulmonary surgery. [3] [4] [5] There have been four previous reviews of CPET in noncardiopulmonary surgery. [6] [7] [8] [9] All reviews concluded that CPET may be a strong predictor of postoperative outcome. These reviews also concluded that: (i) CPET-derived cut-points need to be refined and optimized for different surgical procedures and (ii) the validity of CPET variables, such as O 2 pulse and the ventilatory equivalent for carbon dioxide ( _ VE= _ VCO 2 ), needs to be analysed; and (iii) further studies need to be performed to obtain a greater understanding of the role of CPET as a preoperative risk-stratification method. Since the publication of these reviews, the number of studies analysing CPET has grown.
The aim of the present review is to assess the prognostic ability of CPET in predicting postoperative outcome associated with non-cardiopulmonary intra-abdominal surgery. The objectives are as follows: (i) to quantify the optimal CPET variable to predict postoperative outcome; and (ii) to analyse and compare cardiopulmonary measurements such as anaerobic threshold (AT), maximal oxygen uptake ( _ VO 2 max) and _ VE= _ VCO 2 to find the most accurate CPET variable in determining postoperative outcome within each subgroup of surgery.
Postoperative outcome includes all-cause mortality, morbidity, and LOS. Morbidity after surgical intervention includes all complications; pulmonary, infectious, renal, gastrointestinal (GI), cardiovascular, neurological, and haematological. The outcome LOS covers the overall length of stay in hospital, intensive care unit (ICU), high-dependency unit (HDU), and critical care unit (CCU) admission and length of stay.
Methods

Literature search
The preferred reporting items for systematic reviews (PRISMA) standardized reporting guidelines were used to standardize the methods of conducting and reporting this review. 10 The databases CINAHL, AMED, PEDro, EMBASE, The Cochrane Library, and PubMed were searched up to May 2015. A search strategy was defined with all keywords and subject headings included (Supplementary data, Appendix S1). In addition, the abstracts from the annual European Anaesthisiology Congress The inclusion criteria consisted of the following: (i) prognostic studies of intra-abdominal surgery among adult populations; (ii) the use of a preoperative CPET; (iii) measurement of postoperative outcome (mortality, morbidity, or length of stay); and (iv) comparison of preoperative CPET variables (anaerobic threshold etc.) with postoperative outcome.
Studies were excluded if they contained the following: (i) a cardiopulmonary surgical procedure; (ii) paediatric surgery; (iii) head and neck surgery; (iv) orthopaedic surgery; (v) spinal surgery; (vi) transfusion procedures, (e.g. blood or stem cells); (vii) preoperative interventions (e.g. preoperative exercise programmes); or (viii) were systematic reviews, meta-analyses, case studies, letters to the editor, or abstracts with no full text available.
If studies had split the analysis of intra-abdominal and cardiopulmonary surgery then the subgroup containing intra-abdominal surgery was taken and the cardiopulmonary surgery group was excluded. Procedures involving multiple incisions which included major intra-abdominal surgery were included (e.g. oesophagectomy).
Data extraction
Data extraction was performed independently by the lead investigator (J. Moran). All data were reviewed blind by another author (F.W.). The data extracted included author, patient characteristics, study setting, surgery type, postoperative outcome measure, method of CPET, and CPET variables assessed (Table 1) .
A total of 1086 titles were identified using the search strategy on the above-mentioned databases. Of these, 1049 studies were excluded (Fig. 1) . The authors (J. Moran and F.W.) excluded articles based on titles and abstracts. If any disagreements could not be resolved through discussion, an independent third author was asked to intervene (J.H.). Thirty-seven full-text articles were included in the data extraction and synthesis (Fig. 1) . The authors of abstracts and conference posters were contacted to gain the full text. If full-text articles were not acquired then abstracts were excluded because of the potential high risk of bias and lack of a detailed methodology.
Assessment of the risk of bias
The methodological quality of the studies was assessed using the Quality in Prognosis Studies (QUIPS) tool 11 (Supplementary material, Appendix S2). The QUIPS tool analyses the risk of bias in observational prognostic studies in six key areas, as follows: study participation, attrition, prognostic factor measurement, outcome measurement, study confounding, and statistical analysis and reporting. Each area contained several criteria. If a study failed to address one or fewer criteria within an area, it was deemed to have a low risk of bias. Two authors (J. Moran and F.W.) independently assessed the risk of bias in each study. An independent third author (J.H.) was asked to intervene if any disagreements could not be resolved through discussion. The overall risk of bias is presented in Table 2 .
Results
The papers included in this review were categorized by surgical procedures, as follows: hepatic transplant and resection (n=7), abdominal aortic aneurysm (AAA) repair (n=5), colorectal surgery (n=4), pancreatic surgery (n=4), renal transplant (n=2), upper gastrointestinal surgery (n=3), bariatric surgery (n=2), and intraabdominal surgery (studies that did not differentiate between surgical procedures; n=10). A total of 7852 patients were included. A meta-analysis was deemed inappropriate because of the large heterogeneity of the data. The studies included varied in the type of surgery, CPET variable analysed, outcome, time to outcome, and the use of hazard ratios and odds ratios, resulting in an inability to pool data effectively. A quantitative synthesis of the results was deemed most appropriate. Tables 3-5 show the outcomes and CPET variables deemed significant that predict poor postoperative outcome. Supplementary material, Tables S2-S4 provide a more detailed Results  section. at Trinity College Dublin on January 27, 2016 http://bja.oxfordjournals.org/ Downloaded from 
Hepatic transplant and resection
Mortality Six studies reported CPET as a significant predictor of mortality after hepatic surgery [12] [13] [14] [15] [16] [17] (Table 3 ). Junejo and colleagues 12 reported an AT of 9.9 ml kg −1 min −1 to be predictive of survival 30 days after surgery, whereas at 90 days after surgery an AT cutoff point of 9.0 ml kg −1 min −1 was shown to be significant (P<0.05) and had a 90.7% sensitivity and 83.3% specificity rate. 13 Bernal and colleagues 14 reported that survivors had a median AT of 11.7 ml kg −1 min −1 compared with non-survivors (median, 9.8 ml kg −1 min −1 ) at 1 yr post-transplant (P=0.04). Kaibori and colleagues 15 followed patients for 2 (range 1-3) yr and found an AT ≥11.5 ml kg −1 min −1 to be predictive of survival (P<0.05).
From the results of these four studies, a minimal AT of 9 ml kg −1 min −1 can predict short-term mortality (up to 90 days), but
an AT of at least 11.5 ml kg −1 min −1 may predict long-term mortality (≥1 yr). Peak oxygen uptake ( _ VO 2 peak) has also been shown to be beneficial at predicting mortality after liver surgery. Neviere and colleagues 16 reported that survivors of liver transplant at 1 yr had a _ VO 2 peak of 18.6 ( 2.8) ml kg −1 min −1 when compared with non-survivors 17.1 ( 3.3) ml kg −1 min −1 (P=0.04). Kaibori and colleagues 15 presented a cut-off of ≥16.5 ml kg −1 min −1 as predictive of survival at 24 months after surgery (P<0.05). Epstein and colleagues 17 stated that both predicted _ VO 2 peak and AT were effective at predicting mortality at 100 days. Peak oxygen uptake appears to be beneficial at predicting mortality, but the evidence for its use is weaker than than that for AT.
Length of stay
The relationship between AT and LOS is unclear. Junejo and colleagues 12 and Prentis and colleagues 13 found no relationship between AT and LOS. In contrast, Dunne and colleagues 18 reported that patients with higher AT (in litres per minute) were more likely to be discharged early; however, this AT cut-off was not quantified [hazard ratio 2.16; 95% confidence interval (CI) 1. The evidence for _ VO 2 peak as a predictive factor of LOS and ICU admission is weaker than that for AT. Dunne and colleagues 18 reported that _ VO 2 peak was associated with LOS (P<0.05). Peak oxygen consumption may also be predictive of ICU LOS stay in liver transplant surgery (P<0.05).
14 Anaerobic threshold appears to be predictive of ICU or CCU admission after liver surgery. 12 13 Further studies are required to draw a definite conclusion about the ability of CPET to predict postoperative LOS after liver surgery.
Morbidity
Many studies did not examine postoperative morbidity. Kaibori and colleagues 15 grouped morbidity with mortality and analysed 12 Dunne and colleagues 18 reported that heart rate at AT (P<0.05) and HR at _ VO 2 peak (P<0.05) were associated with all postoperative complications.
Preoperative CPET shows possible benefit for predicting postoperative complications after liver surgery, but further studies are required to validate the prognostic ability of CPET.
Abdominal aortic aneurysm repair
Mortality Four full-text articles analysing the potential predictive ability of CPET in AAA repair were reviewed. [19] [20] [21] [22] In a small cohort (n=30), with only two documented deaths, Nugent and colleagues 19 reported no difference in preoperative _ VO 2 peak between patients who did and did not experience postoperative morbidity and mortality.
Grant and colleagues 20 found in the multivariable analysis that _ VE= _ VCO 2 >42 at AT was predictive of mortality (P<0.05) as was _ VO 2 peak <15 ml kg −1 min −1 (P<0.05). Anaerobic threshold was not included because of missing values. An AT of <10.2 ml kg −1 min −1 was reported to be predictive of 30 day mortality (P<0.05), and _ VO 2 peak <15 ml kg −1 min −1 was predictive of 90 day mortality (P<0.05). 21 The _ VE= _ VCO 2 was predictive of 30 (P<0.05) and 90 day mortality (P<0.05) after AAA repair. 21 In a univariable analysis, Carlisle and Swart 22 reported that _ VE= _ VCO 2 (P<0.01), ventilatory equivalent for oxygen ( _ VE= _ VO 2 ; P<0.01), AT (P<0.01), and _ VO 2 peak (P<0.01) were predictive of mortality. In the multivariable analysis, _ VE= _ VCO 2 and AT were predictive of postoperative survival (P<0.01 and P=0.03, respectively).
The prognostic ability of CPET in determining postoperative mortality after AAA repair appears useful but requires further 25 reported that seven patients (total n=95) died within 1 yr after surgery, all of whom had a _ VO 2 peak of <10.6 ml kg −1 min −1
. West and colleagues 26 were unable to conclude whether CPET was predictive of mortality after major colonic surgery because there were only two deaths (1.5%; Table 3 ). Anaerobic threshold and _ VO 2 peak appear to be beneficial in predicting postoperative mortality, but owing to the low rate of mortality it is difficult to draw conclusions.
Length of stay Patients with higher AT values (≥11 ml kg
) had a significantly shorter LOS in hospital compared with unfit (AT <11 ml kg −1 min −1 ) and unable groups (unable to generate an AT;
P<0.01). 24 West and colleagues 26 reported that patients with low AT (P<0.01) or _ VO 2 peak (P<0.01) or with high _ VE= _ VCO 2 (P<0.01) were susceptible to an increased hospital stay. The prognostic ability of CPET appears viable; however, more research is needed to validate the ability of AT to determine postoperative LOS.
Morbidity
Peak oxygen uptake and AT have been reported to be associated with postoperative complications using the Postoperative Morbidity Survey (POMS) on day 5 after rectal cancer surgery and major colonic surgery. 25 26 After major colonic surgery, West and colleagues 26 reported that _ VO 2 peak, AT, and _ VE= _ VCO 2 were independently predictive of morbidity in rectal cancer surgery and major colonic surgery. Lee and colleagues 27 reported that _ VO 2 peak was associated with occurrence of medical complications (P<0.01) but not surgical and all complications ( Table 5) .
The data regarding preoperative CPET as a predictor of postoperative morbidity are strong, but further research is needed to quantify a level of aerobic fitness that is protective against complications. 
Pancreatic surgery
Mortality Three studies exclusively reported on the ability of AT to predict postoperative mortality and concluded that there was no significant relationship. Ausania and colleagues 28 reported similar mortality rates between groups, AT ≤10.1 and >10.1 ml kg −1 min −1 (P=1.00). Anaerobic threshold was not associated with postoperative mortality (P=0.74). 29 Ausania and colleagues 30 performed Cox regression analysis and reported that AT was not correlated with long-term survival (P=0.5). Their study failed to quantify the length of long-term survival. Junejo and colleagues 31 reported _ VE= _ VCO 2 to be a significant predictor of both 30 day (P=0.03) and in-hospital mortality (P=0.02; Table 3 ).
Preoperative AT is not predictive of postoperative mortality after pancreatic surgery; however, _ VE= _ VCO 2 may be able to predict postoperative survival. Further studies are required to determine the validity of _ VE= _ VCO 2 .
Length of stay
Only two studies examined LOS and CPET variables. Chandrabalan and colleagues 29 reported that an AT <10 ml kg −1 min −1 was predictive of a median of 6 days longer LOS than those of AT ≥10 ml kg −1 min −1 (P<0.01). Likewise, Ausania and colleagues 28 reported that an AT value of ≤10.1 ml kg −1 min −1 resulted in a median LOS of 29.4 days, whereas patients with an AT >10.1 ml kg −1 min −1 had a median LOS of 17.5 days (P<0.01; Table 4 ).
An AT of 10-10.1 ml kg −1 min −1 appears to be predictive of LOS after pancreatic surgery. This may be used in current practice to guide postoperative care. Future studies will be required to validate this CPET result. reported that an AT <10 ml kg −1 min −1 was significantly related to postoperative pancreatic fistula (P=0.03) and major intra-abdominal abscesses (P=0.04), but not cardiac (P=0.31) or pulmonary complications (P=0.66). Ausania and colleagues 28 reported that the postoperative complication rate was significantly lower in the group with AT >10.1 ml kg −1 min −1 (P=0.01).
Renal transplant
Mortality
Ulubay and colleagues 32 were unable to determine whether CPET was predictive of postoperative mortality after renal transplant surgery because there were no deaths in the relatively small sample size (n=16; Table 3 ).
Length of stay
No single study examined whether there was a relationship between CPET variables and LOS after renal transplant. Ting and colleagues 33 reported that mean AT was significantly lower in the CCU admission group vs the non-CCU admission group (P<0.01; Table 4 ).
Morbidity
There was no study that examined the prognostic ability of CPET for postoperative morbidity after renal transplant. 34 could not conclude whether CPET was predictive of postoperative mortality because there was only one death after oesophagectomy (Table 3) .
Length of stay Forshaw and colleagues 34 reported that there was no apparent correlation with AT and LOS (P=0.89). Cardiopulmonary exercise testing appears unable to determine LOS after upper GI surgery, but there have been few studies in this area. The present review expresses the need for more high-quality CPET prognostic studies in the area of upper GI surgery.
Nagamatsu and colleagues 35 reported that _ VO 2 max m −2 was lower in patients with cardiopulmonary complications vs patients without complications (P<0.01) after oesophagectomy with lymphadenectomy. In contrast, Moyes and colleagues 36 reported that _ VO 2 peak was not associated with cardiopulmonary complications (14 vs 16 ml min
, P=0.07) but that AT was associated with morbidity (P=0.05).
There have been too few studies to conclude whether CPET is predictive of postoperative morbidity after upper GI surgery, but the results are optimistic. The present review expresses the need for more high-quality CPET prognostic studies in the area of upper GI surgery.
Bariatric surgery
Mortality
McCullough and colleagues 37 (total n=99) reported that _ VO 2 peak was predictive of morbidity and mortality (grouped together); however, there was only one death, and the results of this study cannot solely predict postoperative mortality (Table 3) .
Length of stay
McCullough and colleagues 37 reported that _ VO 2 peak was predictive of LOS (P<0.01). The AT of patients with LOS >3 days was lower than that of patients with LOS ≤3 days after gastric bypass surgery (P=0.02). 38 The literature suggests that CPET is able to identify patients subject to increased LOS, but a consensus on the optimal CPET variable and cut-point is required.
Morbidity
Hennis and colleagues 38 reported that AT was significantly lower in patients with complications compared with those without complications (P<0.05). McCullough and colleagues 37 presented a multivariable model using _ VO 2 peak as a continuous variable and included smoking status that was a significant predictor of complications (odd ratio 1.61, 95% CI 1.19-2.18, P<0.01; Table 5 ).
Cardiopulmonary exercise testing shows potential for determining patients at risk of postoperative complications in the preoperative period, but further studies are required to quantify the optimal CPET variable and cut-off point.
Intra-abdominal surgery
Mortality Anaerobic threshold has been reported in four of the above-mentioned studies to be a significant predictor of mortality. [39] [40] [41] [42] Snowden and colleagues 39 reported an AT of 10.9 ml kg
to be predictive of postoperative survival; however, their followup was limited to in-hospital stay. An AT of 10.9 ml kg −1 min −1 was reported to be predictive of survival up to 90 days (P=0.03). 40 Two studies presented an AT <11 ml kg −1 min −1 to be predictive of postoperative mortality. 41 42 Colson and colleagues 43 concluded that AT was not a statistically significant predictor of mortality. Prentis and colleagues 44 reported only two postoperative deaths, and no statistical analysis was performed. Tolchard and colleagues 45 reported an insufficient sample size ( Table 3 ). The present review suggests that an AT of 10.9 ml kg −1 min −1 may have good clinical utility. It may also be beneficial to explore the prognostic ability of other CPET variables. A _ VE= _ VCO 2 of 34 has been reported to be associated with postoperative mortality at 90 days (P=0.02). 40 Length of stay Tolchard and colleagues 45 reported that a lower mean oxygen uptake was correlated with ICU admission (14.9 vs 16.5 ml kg −1 min −1 , P<0.05) and _ VE= _ VCO 2 ≥33 correlated with LOS (P<0.01). Wilson and colleagues 40 reported that the overall median LOS was lower in the group with AT ≥11 ml kg −1 min −1 (8 vs 9 days, P<0.01). Snowden and colleagues 39 reported that cardiovascular fitness was a significant independent predictor of hospital and critical care LOS. The prognostic ability of CPET in predicting LOS after intra-abdominal surgery is strong; however, a consensus needs to be reached on the optimal CPET variable.
Morbidity
Hightower and colleagues 46 reported that HR at AT (P<0.01), the difference between HR at rest and at AT (P=0.01), and the percentage AT achieved (P=0.02) to be predictive of postoperative morbidity. 
Discussion
There are two main theories on how CPET can predict postoperative outcome. One theory suggests that patients with a higher level of fitness function better with the prolonged increase in oxygen delivery induced by surgery without outpacing their anaerobic physiological parameters. The alternative theory suggests that regular exercise can create a systemic effect similar to ischaemic preconditioning. By increasing a person's ability to extract oxygen and tolerate ischaemic conditions, this lessens the impact of any deficit in oxygen delivery and demand associated with surgery.
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Main findings
This review recommends that CPET is included in the preoperative assessment of liver, pancreatic, and intra-abdominal surgery and AAA repair and that the following cut-points are used.
• Hepatic transplant and resection: 90 day survival, AT 9 ml kg −1 min −1 ; 3 yr survival, AT 11.5 ml kg −1 min −1 ; and ICU/CCU admission, AT <9.9-11 ml kg −1 min −1 .
• Abdominal aortic aneurysm repair: 90 day survival, _ VO 2 peak 15 ml kg −1 min −1 .
• Pancreatic surgery: LOS and morbidity, AT 10-10.1 ml kg
• Intra-abdominal surgery: mortality, AT of 10.9 ml kg −1 min −1 ; morbidity, AT <10.1 ml kg −1 min −1 ; and patients with an AT 0f 10.1-12 ml kg −1 min −1 should be treated with caution.
Anaerobic threshold is the optimal predictor of outcome in liver, pancreatic, and intra-abdominal surgery. The reason for the variation in the type and strength of the relationship between CPET variable and outcome in various surgical interventions has been underexplored, but a possible explanation may be that there is variation in the relative importance of different CPET variables predisposing to adverse outcome. 6 Despite this, the results suggest AT to be the superior indicator within certain surgical interventions. Studies were divided based on surgery type, similar to previous reviews. 6 8 9 The variation in cut-points between surgeries may be because of the possibility that certain surgical procedures require a greater physiological demand, or the pre-and postoperative management varies between surgical procedures. 7 This topic has been underexplored and requires further validation. There are four main reasons for associations in observational studies between cardiopulmonary fitness and postoperative outcome: bias, confounding, chance, and cause. 49 The level of bias and confounding was assessed using the QUIPS tool. 11 The level of chance of association is summed up by the 95% CIs and P-value (Supplementary material, Tables S2-S4 ). The CPETderived cut-points are similar between studies; as the level of bias, chance, and confounding have been accounted for, it is possible that a cause of poor postoperative outcome is cardiorespiratory fitness below these cut-points. Morbidity after pancreatic surgery has produced some conflicting results. One study reported no relationship between AT and morbidity, 31 and two studies produced similar findings, 28 29 whereas one study produced different results. The present review suggests using an AT of 10-10.1 ml kg −1 min −1 as a cut-point for morbidity after pancreatic surgery 28 29 instead of 14.1 ml kg −1 min −1 as reported by Ausania and colleagues 30 because we found this study, using the QUIPS tool, to have a relatively high bias in a number of areas. There is large heterogeneity between studies; therefore, results could not be pooled to produce a meta-analysis. All surgeries were grouped together by surgical intervention (or grouped into the intra-abdominal cohort when no distinctions were made) to improve homogeneity. Despite this, there is considerable variation in areas such as surgical procedure (e.g. laparoscopic vs open), the outcome measures used (e.g. postoperative morbidity survey vs self-defined morbidity), and accounting for co-morbidities. A number of important variables, such as type of anaesthesia, were not reported in most studies (n=34). The choice of statistical approaches also varied between studies.
The present review included studies that did not have a priori power calculation. The sample sizes of the included studies may be underpowered and could potentially influence results. In order for future studies to have sufficient power to determine the ability of an AT <11 ml kg −1 min −1 to predict mortality at 90 days, we estimate that a sample size of 406 patients above and below AT <11 ml kg min is required, and for 2 yr mortality a sample size of 253 above and below AT <11 ml kg min is required (α=0.05, β=0.80). The calculations were based on data reported by Lai and colleagues. 24 A robust methodology should also be used 50 consisting of the following: (i) reporting all measured CPET variables (e.g. _ VO 2 peak, AT, _ VE= _ VCO 2 , and HR); (ii) predetermined outcome time points should be used, including 30 day, 90 day, 1, 3, and 5 yr time points for mortality and morbidity, and LOS should include overall hospital stay, ICU/HDU/CCU admission, and length of stay along with readmission; (iii) morbidity should be measured using a combination of the Clavien-Dindo classification scoring system 51 and the Postoperative Morbidity Survey; 52 and (iv) odds ratios should be determined for mortality and morbidity outcomes to allow results to be pooled in a future meta-analysis. Length of stay should be recorded with medians, standard deviations, and CIs. Many studies conclude separate CPET-defined cut-points that predict postoperative outcome. Perhaps a single cut-point cannot be recommended; instead, subgroups based on fitness could be created to stratify patients before surgery based on the risk of poor surgical outcome. 37 It is also possible that the variation between CPET variables and strength of relationship with outcome between studies is subject to the inconsistent methodology coupled with data analysis and presentation.
Future research
The areas of colorectal, renal transplant, upper GI, and bariatric surgery require further research to draw conclusions concerning the ability of CPET to predict postoperative outcome. In hepatic surgical intervention, the postoperative morbidity has not been well analysed; currently, there is no consensus on the CPET variable and cut-point to use. To predict LOS after hepatic surgery, the ability of AT produces a divided opinion. The _ VO 2 peak shows potential, but evidence in its support is weak. It is recommended that future studies examine the possible link between preoperative aerobic fitness and morbidity and LOS.
A number of studies have examined CPET and survival after AAA repair, but time points to survival vary and so future studies will need to use specific time points, such as 1 and 5 yr survival. The present review suggests future research should examine the possible relationship between CPET and LOS and morbidity after AAA repair because research in this area is lacking.
Increased physical fitness is correlated with improved postoperative outcome. Patients with cardiopulmonary fitness below the recommended cut-points are susceptible to postoperative complications and mortality. Preoperative exercise programmes can improve fitness before surgery. 53 The ability of preoperative exercise interventions to improve postoperative outcome requires further validation.
Conclusion
Cardiopulmonary exercise testing provides a good objective measure of a patient's preoperative fitness, which in turn is a strong predictor of postoperative outcome. Cardiopulmonary exercise testing has been well documented in certain surgical interventions (liver, AAA, pancreatic, and intra-abdominal), but it is less well defined in other areas (colorectal, renal transplant, 
